INFLUENCE OF VARIATIONS IN BLOOD HAEMOGLOBIN CONCENTRATION ON THE CALCULATION OF BLOOD LOSS AND VOLUMETRIC IRRIGATING FLUID BALANCE DURING TRANSURETHRAL RESECTION OF THE PROSTATE R. G. HAHN
In many hospitals it is customary to measure volumetrically the irrigating fluid balance during transurethral resections of the prostate (TURP) since absorption of the irrigating fluid may be harmful (Hagstrom, 1955; Taylor et al., 1958) . The balance is obtained as the difference between the input and the amount of irrigating fluid recovered. When less fluid is collected than given, the missing volume is considered to have been absorbed by the body.
Ideally, the amount of blood in the irrigating fluid recovered and the output of urine should be subtracted from the balance. There are several methods available to correct for the former source of error, which appears to be the more important.
The blood loss is usually calculated by measuring the haemoglobin content of the fluid recovered and dividing this figure by the blood haemoglobin concentration (B-Hb) (Desmond, 1973; Jansen, Berseus and Johansson, 1978) . However, there is evidence to suggest that certain factors can interfere with this approach, such as variations in determination of blood haemoglobin concentration (B-Hb) during TURP. For this reason, it is necessary to take measurements throughout the procedure so as to estimate the actual blood loss.
This study was performed to investigate the influence of variations in B-Hb, before and during TURP, on the calculation of blood loss and irrigating fluid balance. The effect of using two different fluids for i.v. supplementation (Ringer's acetate solution or dextran 40) was also examined. prostatic enlargement were studied. All patients were given extradural anaesthesia via an indwelling extradural catheter, and received mepivacaine 9-14 ml with adrenaline (Carbocain-adrenalin, Astra, Sweden).
PATIENTS AND METHODS

Thirty
Irrigating fluid balance
The irrigating fluid was 2.2% glycine in water. The bags were weighed to the nearest gram before, and after, use and were suspended 60 cm above the patient's prostatic fossa. The intermittent bladder filling technique was used. A volumetric irrigating fluid balance was obtained every 10 min throughout each TURP by switching irrigating fluid bag and collection bucket. A sample for determination of the irrigating fluid haemoglobin concentration was taken from each collection bucket after manual stirring with a paddle for 30 s. If the irrigating fluid output, corrected for blood loss (see below), exceeded the input, the fluid balance was given a negative value; positive values indicated absorption.
Blood samples
These were drawn through an arterial cannula for determination of the blood haemoglobin concentration (B-Hb) and the serum sodium concentration (S-Na). Samples were taken: on the patient's admission to the hospital on the day before surgery (patient in the sitting position); before and after the induction of extradural anaesthesia; and every 10 min during the TURP at the time of bag and bucket change (recumbent position). The haemoglobin concentrations of the irrigating fluid and the blood samples were determined serially on a Coulter Counter S plus. Precision is specified by the manufacturer as 1 SD < 1.8 g litre" 1 for the range measured. The accuracy of estimating blood loss from the haemoglobin concentration of the irrigating fluid was determined by dispersing known amounts of bank blood in irrigating fluid. It was found that the blood loss could be estimated within ± 5 ml. S-Na was determined by a flame photometer 543 (Instrumentation Laboratory) with a coefficient of variation of 0.55 %. The sum of the incremental blood losses was accepted as the total operative procedure blood loss (BL). Depending on the use of reference B-Hb, these were designated BL(1), BL(2), BL(3) and BL(4).
Comparisons between blood losses were made by calculating haemodilution factors; for instance BL(2)/BL(3), which then represents the haemodilution resulting from the extradural anaesthesia and the concomitant administration of i.v. fluid. BL(3)/BL(4) illustrates the influence of haemodilution during surgery on the calculation of blood loss.
I.v. fluid
Two regimens of i.v. fluid supplementation were used. In the first 28 patients, Ringer's acetate solution was given first in an amount of 10 ml kg" 1 to prevent instability of arterial pressure during the induction of anaesthesia, and then at a rate of 50-150 ml every 10 min during the TURP. In the last 10 patients, 100-150 ml of dextran 40 (Rheomacrodex, Pharmacia, Sweden) was administered during the induction of anaesthesia and 25 ml every 10 min during the TURP.
Statistics
Mean values, standard deviation (SD), Student's paired and unpaired t tests as well as Friedman's two-way analysis of variance were used for statistics. When a skewed distribution of observations occurred, mean values and unpaired t test were replaced by median values and the Mann-Whitney test.
RESULTS
The blood losses BL(l)-(4) for all patients are shown in table I. Friedman's two-way analysis of variance showed a systematic difference between BL(l)-{4) both for Ringer's acetate solution and dextran. The calculated blood loss was greater the later B-Hb was drawn in nearly all patients so that BL(4) > (3) > (2) >(1).
The clinical course of each TURP was analysed and the patients were divided into three subgroups on the following criteria: (a) patients with a sum of positive 10-min irrigating fluid balances > 300 ml occurring together with a decrease in S-Na > 2 mmol litre" 1 (P < 0.005), indicating intravascular absorption of irrigating fluid; (b) patients with BL(4) exceeding 700 ml; and (c) patients who did not fit any of these criteria. Table II shows the haemodilution factors obtained by comparing the four different ways to estimate blood loss in all TURP patients as well as data of the subgroups. Since the subgroup classification was based on physiological events during the TURP, only subgroup haemodilution factors, including the intraoperative period, are shown in table II. Those are the BL(3)/BL(4) quotient, which represents haemodilution during surgery, and the BL(1)/BL(4) quotient, which includes haemodilution during preoperative preparation, induction of anaesthesia and surgery.
In patients who received Ringer's acetate, unpaired t tests showed that the BL(3)/BL(4) quotient in both subgroups (a) and (b) were different from (c) (P < 0.001). For the BL(1)/BL(4) quotient, there was a statistical difference between groups (a) and (c) (P < 0.05), while no difference was found between groups (b) and (c) (P > 0.05). In patients who received dextran, the subgroups showed similar haemodilution quotients (table II) .
Since the irrigating fluid balance during a TURP is to be corrected for blood loss, the figure for irrigating fluid absorption will be influenced by which blood loss estimation is used. Table III illustrates the difference between the use of BL (1) 
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and BL(4). It is seen that negative balances become exaggerated while positive balances ( = absorptions) become underestimated by the use of BL(1) instead of (the more correct) BL(4). The difference in fluid balance between the use of BL(1) and BL(4) in table III was significant (P < 0.001) both for Ringer's acetate solution and dextran (paired t test). When considering subgroups, the mean difference in fluid balance for patients who absorbed and those who bled (groups a + b) was 142 ml when receiving Ringer's acetate solution, but only 30 ml for group (c) (P < 0.001). In patients receiving dextran, the corresponding values were 178 and 73 ml (no statistics performed).
However, there was no statistical difference in fluid balance between the use of BL(1) and BL{4) in table III when the former blood loss was corrected by appropriate haemodilution factors (0.82 for patients who absorbed and those who bled and 0.87 for other patients receiving Ringer's acetate; 0.83 for all patients receiving dextran).
Reviewing table I, it may be suggested that patients receiving dextran bled more than those with Ringer's acetate supplementation. However, Mann-Whitney's test did not demonstrate any statistical differences when BL(l)-{4) were compared in those receiving dextran or Ringer's acetate. The blood losses of patients receiving the two different fluids are compared with respect to resection time, weight of resectate, histology and average systolic arterial pressure in table IV. No difference was found in any of these factors.
DISCUSSION
Calculation of blood loss and irrigating fluid balance are suitable means for the routine monitoring of patients undergoing TURP. They inform the clinician about physiological events before symptoms occur, giving an opportunity to treat complications early. Estimations of irrigating fluid balance, in particular, may be affected by a number of factors that can give rise to incorrect values (Madsen, Kuni and Naber, 1973) . These include inaccurate estimates of irrigating fluid volume caused by variations in the labelled contents and spillage. It is imperative that these variations are minimized and the balance calculated meticulously to give the relevant information about the absorption of irrigating fluid.
This study shows that the calculation of blood loss, and the volumetric irrigating fluid balance, can be affected by the use of a preoperative reference B-Hb since the amount of lost plasma is underestimated. Although it can be argued that a preoperative reference B-Hb does not misinform the clinician about the absolute loss of haemoglobin and plasma proteins, B-Hb determinations during the operation are needed to obtain a correct fluid balance, and probably serve as a better guide in estimations of the electrolyte loss associated with the absorption of irrigating fluid. While repeated B-Hb sampling is possible only for research purposes, the clinician can use a haemodilution factor to correct measurements of blood loss.
When extradural anaesthesia is given and fluid regimens similar to those reported in this paper are used, a haemodilution factor for correction of blood loss may be obtained from table II. If Ringer's acetate solution is given as i.v. fluid supplementation, the undetected plasma loss is dependent on intraoperative complications such as increased bleeding or the absorption of irrigating fluid, or both. When patients experience such complications, an appropriate haemodilution factor is 0.90 for the intraoperative period.
Dextran 40 is known to produce marked haemodilution (Hint, 1968) . Although dextran and Ringer's acetate were given in different amounts in this study, patients in whom irrigating fluid was not absorbed or in whom bleeding was not increased had more pronounced haemodilution when receiving dextran than when receiving Ringer's acetate. Patients in whom there was excessive bleeding or fluid absorption had similar degrees of haemodilution regardless of the i.v. fluid used.
It should be noted that, on admission, blood was withdrawn with the patient in the sitting position while the blood samples during TURP were drawn with the patient supine. The blood volume is lower in the sitting than in the recumbent position because of the increase in hydrostatic pressure in the legs and subsequent diffusion of plasma to the interstitial tissue (Mountcastle, 1974) . This diffusion is liable to give a greater B-Hb in the sitting position, which probably accounts for some, or most, of the difference between BL(1) and BL(2).
In assessing the similar blood loss in patients receiving Ringer's acetate and dextran, it is important to know whether these patient groups were comparable in factors known to affect blood loss. Several authors have noted a correlation between resection time and blood loss (Desmond and Gordon, 1969; Perkins and Miller, 1969, Levin, Nyren and Pompeius, 1981) which was also found in this study ( fig. 1 ). There appears to be a correlation between the weight of the resected prostatic tissue and blood loss (Cockett, Schultz and Franks, 1961; Perkins and Miller, 1969; Levin, Nyren and Pompeius, 1981) . A similar correlation was found in this study ( fig. 2 ). Blood loss has been reported to be lower when the prostatic histology is malignant (Abrams et al., 1982) , and suspected to correlate with the intraoperative arterial pressure (Madsen and Madsen, 1967) . Although no difference could be found between patients receiving Ringer's acetate with respect to these variables (table IV) , it should be remembered that the number of patients receiving dextran was small.
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